The platinum-group element (PGE) resources of the Great Dyke are second only to those of the Bushveld Complex and principally comprise the potentially economic Main Sulphide Zone (MSZ) and the thicker, but lower grade, Lower Sulphide Zone (LSZ). Located a few tens of metres stratigraphically apart within the uppermost P1 Pyroxenite of the Ultramafic Sequence, both mineralised zones are present in all remnants of the P1 Pyroxenite along the entire length of the Great Dyke. Other less significant PGE mineralised zones include chromitite C1d, in dunites and harzburgites a few tens of metres beneath the P1 Pyroxenite, the Middle Mafic Unit of the Mafic Sequence and the Mineralised Marginal Zone of the extreme marginal facies and Border Group. This paper describes the general geology of the Great Dyke, and the stratigraphic and structural setting and internal characteristics and lateral variations of the main PGE mineralised zones. The stratigraphic location, complex internal layering and systematic transverse variations of the MSZ, LSZ and chromitite C1d are here related to the emplacement and the chemical and physical evolution of the magma body and to the structure of the magma chamber.
Introduction
The Great Dyke of Zimbabwe contains the world's second largest single resource of platinum-group elements (PGE) after the Bushveld Complex in South Africa. PGE mineralisation was discovered in the Main Sulphide Zone of the Great Dyke in 1925, two years after the discovery of the Merensky Reef in the Bushveld Complex in a broadly similar lithological environment. Less significant PGE mineralised zones, each with distinctive characteristics, have since been identified at several other stratigraphic levels. In contrast to the Bushveld Complex, in which the ultramafic rocks invariably display a platinum enrichment signature of tens to hundreds ppb Pt (Lee, 1996) , most rocks of the Great Dyke, other than the known mineralised zones, are largely barren of PGE, more than 150 samples representing the entire stratigraphic section containing only 1 to 10ppb PGE (Wilson, unpublished data) . This observation poses important questions concerning the processes that led to the enrichment of these metals in different layered intrusions.
Intermittent exploration and evaluation over many years have now defined several PGE deposits on the Main Sulphide Zone: at the time of writing, the Mimosa mine is commencing major expansion, open-cast operations recently began at the Ngezi mine and further work is being carried out at the Unki prospect (see Figure 1 for locations of the principal deposits).
The purpose of this paper is to present a general overview of PGE mineralisation in the Great Dyke. The most economically viable Main Sulphide Zone is first considered, followed by the lower grade Lower Sulphide Zone. PGE associated with the chromitite layers, the marginal sequence, and the gabbroic rocks are then described. Finally, the stratigraphic locations and internal layering of the PGE mineralized zones, as well as their lateral variations (where known), are discussed in relation to the emplacement, evolution and layering of the magma body and the structure of the magma chamber.
Geological setting, structure and stratigraphy
The Great Dyke is a linear intrusion of mafic and ultramafic rocks, which cuts across the Archaean granites, and greenstones of the Zimbabwe Craton (Figure 1) . Aligned approximately NNE, the Great Dyke is 550km in length and 4 to 11km wide (Worst, 1960) . Satellite dykes are located parallel to the intrusion, reflecting closely the craton-wide fracture pattern postulated to be the main structural control on the emplacement of the Great Dyke (Wilson, 1996; Wilson, 1987) . Recent precise U-Pb age determinations on zircon (SHRIMP) and rutile indicate an emplacement age of 2579±7 Ma (Armstrong and Wilson, 2000; Mukasa et al., 1998) . A Sm-Nd age of 2586±16 Ma using both mineral separates and whole rocks has also been reported (Mukasa et al., 1998) . Further SHRIMP U-Pb studies (Wingate, 2000) yield emplacement ages of 2581±11 Ma for zircons and 2574±2 Ma for baddeleyite. These ages contrast with the previously accepted and precise Rb-Sr ages of 2455±16 Ma (Hamilton, 1977) .
The Great Dyke comprises a line of narrow contiguous magma chambers and subchambers each defined on the basis of structure, style and continuity of layering (Podmore and Wilson, 1987; Prendergast, 1987; Wilson and Prendergast, 1989a) . The North Chamber is subdivided into the Musengezi, Darwendale and Sebakwe Subchambers, and the South Chamber comprises the Selukwe and Wedza Subchambers (Figure 1 ).
The stratigraphy is broadly subdivided into an upper Mafic Sequence (gabbro and norite), and a well-layered lower Ultramafic Sequence (dunite, harzburgite and pyroxenite) (Wilson and Wilson, 1981) . The thickest sequences (1200m and 3000m respectively) are in the largest Darwendale Subchamber. All subchambers are synclinal in transverse shape, essentially the same lithological sequence being exposed on both sides of the longitudinal axis. The plunge of the layering is to the north in the southern part of each subchamber and to the south in the northern part, imparting a characteristic 'boat-like' structure to each subchamber. Repetition of rock units along the longitudinal axis of the Great Dyke is caused by major transverse faults and has the effect of reducing the overall plunge of each subchamber towards its centre.
The dominant internal feature of Great Dyke geology is the cyclic layering which is present in all sections of the stratigraphy and in all subchambers. In each subchamber, the Ultramafic Sequence has its own characteristic layered structure (Wilson and Prendergast, 1989b; Wilson, 1996) , although the ultramafic stratzigraphy in the Darwendale Subchamber is typical (Figure 2 ). There, the cyclic units in the lower part of the Ultramafic Sequence (Dunite Succession) are contained almost entirely within dunite, their tops and bottoms being defined by narrow chromitite layers. In the upper part of the Ultramafic Sequence (Pyroxenite Succession), the cyclic units show a more complex structure commencing with a basal chromitite which is overlain by dunite or harzburgite grading upwards into olivine pyroxenite and then into pyroxenite at the tops of some units. There is a marked difference in the development of the cyclic units between the North and South Chambers (Wilson, 1996) . In comparison to the South Chamber, the North Chamber has fewer but thicker units almost all with a thick upper pyroxenite. For example, the wide Darwendale Subchamber has six pyroxenitebearing cyclic units in the Pyroxenite Succession each up to 100m thick, whereas the relatively narrow Selukwe Subchamber has many more cyclic units each about 40m thick (Wilson, 1996) . The prominent cyclic units of the Great Dyke are considered to be the product of periodic major influxes of new parental magma of one compositional type, a basalt with ca. 15% MgO (Wilson, 1982) .
Identified in most subchambers is the Marginal Border Group (Wilson, 1982; Wilson and Prendergast, 1989a) , a succession of layers close to or at the margin of the Great Dyke lying at a high angle to the main layered sequence almost parallel to the walls and comprising mainly gabbros, norites and pyroxenites, some with strong crystal alignment perpendicular to the original walls of the magma chamber
General distribution of PGE in the Great Dyke
The Great Dyke hosts several PGE mineralised zones associated with specific parts of the layered structure. By far the most important PGE concentrations are those associated with sulphide mineralisation. The principal PGE resources are represented by the Main Sulphide Zone (MSZ) and the Lower Sulphide Zone (LSZ), both within the P1 Pyroxenite of the uppermost ultramafic Cyclic Unit 1 (Figure 2 ). Of these, the MSZ is the most economically viable; the stratigraphically lower LSZ generally contains much less sulphide and PGE but remains an important future PGE resource. The MSZ has been intersected by some 500 diamond drill-holes since the mid-1960s and intensively studied where it attains economic or potentially economic grades and thicknesses, for example at the Mimosa, Ngezi and Hartley (now dormant) mines and at the Unki prospect ( Figure 1 ). The LSZ has been intersected by only fourteen drill-holes and studied in detail only in the Mimosa and Unki areas. Less well-characterised parts of the MSZ and LSZ occur in the Mhondoro, Selous and Snakes Head areas (Figure 1 ). Several estimates of probable MSZ resources are available (e.g. Prendergast, 1988a; Prendergast and Wilson, 1989; Wilson and Tredoux, 1990; Wilson and Prendergast, 1998) . All confirm the presence of a total MSZ resource of many hundred million tones, of which 75% reside in the Sebakwe and Darwendale Subchambers (e.g. Table 1 ).
PGE also occur in the chromitites of the Ultramafic Sequence, although only the sulphide-bearing chromitite C1d of Cyclic Unit 1 contains significant PGE concentrations (Figure 1 ). Other PGE mineralisation is located in the Border Group and associated marginal facies (Figure 1) , and in the Middle Mafic Unit of the Mafic Sequence in the Darwendale Subchamber
PGE mineralisation in the P1 Pyroxenite
Stratigraphy and lateral variations of the P1 Pyroxenite The P1 Pyroxenite comprises a lower orthopyroxenite from 120m to ca. 220m thick and an upper websterite from <5m to ca. 70m thick. Local stratigraphic variations occur within these two major subdivisions and are described in later sections. The MSZ and LSZ are each located at specific stratigraphic levels of the P1 Pyroxenite. The relatively thin MSZ lies close beneath, or overlaps, the boundary between the orthopyroxenite and the overlying websterite ( Figures 2 and 3) ; the much thicker LSZ is also largely hosted by orthopyroxenite 10 to 50m below the MSZ. As detailed in later sections, the P1 Pyroxenite, its component orthopyroxenite and websterite layers, and both the MSZ and the LSZ, all exhibit systematic lateral variations in thickness (e.g. Figures 2 and 3 ), internal stratigraphy, mineral proportions, textures and compositions between the margins and the axis of the layered structure (Wilson, 1996) . The presence of websterite, sulphide mineralisation, orthocumulus textures (see below) and marked textural variations in the P1 Pyroxenite strongly contrasts with the characteristics of the barren pyroxenites in the lower part of the Ultramafic Sequence Form and structure of the MSZ and LSZ The orthopyroxenites hosting the MSZ and LSZ comprise an interlocking crystal network of 65 to 99 volume % medium-grained granular orthopyroxene, together with 1 to 30 volume % postcumulus clinopyroxene and plagioclase and up to 5 volume % phlogopite, K-feldspar, micrographic intergrowths, spinel, rutile, apatite and zircon (Prendergast and Keays, 1989; Wilson and Prendergast, 1989a; Wilson, 1996; 2001) . Where in greatest abundance, plagioclase forms large zoned oikocrysts enclosing orthopyroxene and clinopyroxene crystals, whereas clinopyroxene forms either irregular or well-formed macrocrysts (Wilson, 1992) . Petrologically, the pyroxenite host-rocks grade from almost pure adcumulates in the axis and lower parts of the sequence to orthocumulates near the margins and in the upper parts of the sequence. The MSZ and LSZ are both continuous (within each erosional remnant of the P1 Pyroxenite) and regularly developed, tabular, stratabound zones of weakly disseminated sulphides with gradational vertical boundaries. They each contain PGE metals (Pt, Pd, Rh, Ru, Ir and Os) and precious metals (Au and Ag), as well as base metals (Co, Cu and Ni), the PGE and precious metals being associated with the sulphides. Cu and Ni contents show almost perfect correlation with sulphide content (Wilson et al., 2000a) and demonstrate the vertical distributions of sulphides and thicknesses of both mineralised zones (e.g. Figure 3 ). On this basis, the MSZ is ca. 1 to 15 m thick and the LSZ 30 to 80 m thick, depending on the subchamber and the position between the margins and the axis. Despite the currently sparse data, the LSZ appears more variable than the MSZ in thickness and PGE concentration.
The amount of sulphide in both zones varies vertically and laterally from 0.1 to 10 volume % in the MSZ and up to 1.5 volume % (max.) in the LSZ. The sulphides comprise (in decreasing order of abundance) pyrrhotite, pentlandite, chalcopyrite and pyrite. In the MSZ, there is a general vertical mineralogical zonation, Fe-Ni sulphides dominating the lower part and Cu sulphides the upper part (Coghill and Wilson, 1993; Oberthür et al., 1997) . The sulphide is interstitial to the orthopyroxene, heterogenously distributed (on millimetre-to centimetre-scales) and, in many cases, concentrates at the boundaries of the plagioclase oikocrysts (Wilson, 1992) .
The vertical distribution of sulphides and PGE forms a characteristic complex pattern such that both the LSZ and MSZ are made up of clearly defined subdivisions. In the MSZ, PGE are concentrated in the lower part or PGE Subzone (Figure 4 The vertical and lateral variations within the MSZ and LSZ and their host rocks have important implications for magmatic processes and the origin of the sulphide mineralisation and PGE enrichments, as well as for mining and exploration. Details of the MSZ in various deposits (in order from south to north) are discussed in the following sections, together with aspects of the development of the LSZ.
Platinum deposits on the MSZ
The Mimosa deposit (Prendergast, 1988b) (Figures 1, 5 and 6) is situated in the fault-bounded central portion of the Wedza Subchamber where the P1 Pyroxenite forms a slightly warped rectangular basin structure 6.5 km long by 4.75km wide with shallow inward marginal dips of ca. 15°. The chamber walls at this structural level are 6km apart and slope inwards at ca. 30°Because of apparent structural warping, the slight westerly tilt of the synclinal axis and the consequent juxtaposition of different structural levels at the same horizontal plane of erosion on either side of the axis, more marginal portions of the P1 Pyroxenite are exposed on the east than the west side of the basin structure. Outliers of the mineralised zone occur along the axis of the Wedza Subchamber up to 9 km north and south of the Mimosa deposit.
The P1 Pyroxenite ( Figure 5 ) is ca. 160m thick including the 10m-thick Main Websterite at the top. Its upper half is subdivided into three subunits on the basis of pyroxene compositions, cumulus textures and the distributions of cumulus augite and sulphides (Prendergast and Keays, 1989; Prendergast, 1991) . The pyroxenites display lateral variations in layering and in cumulus mineralogy, mode, textures and fabric. The most consistent lateral variations exist in a transverse direction between the margins and the axis. In particular, systematic decreases in layer thickness, orthopyroxene En content and Cr in augite, and increases in both cumulus augite/orthopyroxene modal ratio and postcumulus and interstitial phases are observed towards the east margin (Prendergast, 1988b) . Away from the axis, transitional orthopyroxenites (containing augite as very small oikocrysts or even as an interstitial phase) and then websterites become increasingly common within the orthopyroxenites (Prendergast, 1991) , so that, within the preserved P1 Pyroxenite, the upper part of Subunit 3 consists of orthopyroxenite in the axis and massive websterite close to the east margin.
The P1 Pyroxenite on the east margin, between Mimosa mine and Wedza No. 2 shaft (Figure 6 ), is characterised by extreme stratigraphic complexity in addition to a local erosional contact between the Main Websterite and the overlying mafic rocks. It is considered representative of the preserved marginal facies of the upper part of the pyroxenite (Prendergast, 1991) . The complex stratigraphy principally takes the form of a highly irregular sequence of interdigitating three-dimensional wedges of websterite and gabbro that dip towards the axis at slightly steeper angles than the base of the Main Websterite and disappear, respectively, within gabbro and websterite towards and away from the east margin ( Figure 5 ). Also regarded as marginal facies phenomena are occasional thin gabbro lenses at the top of websterite modal layers, and the local presence of transitional orthopyroxenite lenses within websterite suggesting interdigitation of the Main Websterite with the upper orthopyroxenites, similar to that between the gabbros and websterites.
The erosional base of the mafic rocks forms steepsided depressions that appear to be channel-like, are oriented broadly perpendicular to the east margin, and lie progressively deeper in the pyroxenites before wedging out rapidly toward the axis. A N-S section of such a structure is shown in Figure 7 . In many cases, the mafic channel fills consist of an upward coarsening, onlapping sequence of fine-grained orthopyroxenites, and variegated fine-to medium-to coarse-grained norites. The channels are most probably the result of magmatic erosion caused by cascades of dense plagioclasesaturated magma emanating from higher levels of the chamber walls and are thus regarded as 'washout channels' (Prendergast, 1991) . Mostly limited to removal of varying thicknesses of the Main Websterite, erosion in one case removed the entire Main Websterite plus the uppermost orthopyroxenite.
Other layering phenomena possibly related to the proximity of the chamber walls occur mainly along the east margin either interbedded with, or sometimes occupying the stratigraphic position of, the Main Websterite. They include (1) millimetre-to metre-scale layers of fine-grained prismatic orthopyroxenite and transitional orthopyroxenite, (2) massive mediumgrained orhopyroxenite, (3) narrow transitional orthopyroxenite lenses, and (4) metre-scale lenses of orthopyroxene-phyric augitite (Prendergast, 1991) .
Pyroxenite-plagioclase pegmatoids are a common feature of parts of the P1 Pyroxenite and lower mafic rocks. The most laterally persistent pegmatoid forms a composite, semi-concordant, 2m-thick zone immediately beneath the mafic contact. Other pegmatoids are associated with 'washout channels' and generally with complex stratigraphy along the east margin Disseminated sulphide mineralisation is a conspicuous component of Subunit 1 and, to a lesser degree, the upper half of Subunit 3. Subunit 2 and the mafic rocks, as well as all fine-grained orthopyroxenites (see above), are very weakly mineralised. Sulphide content increases slightly from the axis towards the margins in all subunits. The MSZ at the Mimosa deposit (Prendergast, 1988a ) is defined as the strong sulphide concentration straddling the base of the Main Websterite in Subunit 1 ( Figure 5 ), and is a 2.5m-thick modally layered sulphide pyroxenite with a highly characteristic and uniformly developed internal layered structure similar to that in Subzone is at least 100cm thick. Within the PGE Subzone as a whole, and within each of its component portions, bulk base metal and Pd and Pt contents increase upwards whereas Pd/Pt ratios and Pd+Pt contents per unit sulphide (total Cu+Ni) decrease, so that the highest metal contents and the lowest Pd/Pt ratios and Pd+Pt contents per unit sulphide occur at the top of the PGE Subzone ( Figure 8 ). Figure 8 illustrates the further subdivision of the PGE Subzone into upper Pt-rich and lower Pd-rich sections separated by a narrow intermediate section of moderate Pd/Pt ratios. The gap between the top of the PGE Subzone and the Main Websterite is about 40cm in the axis but only 10cm near the margin.
Throughout most of the Mimosa deposit, the MSZ maintains an essentially uniform thickness between the margins and the axis. Towards the margin there is a slight increase in sulphide Cu+Ni contents, Cu/Ni ratios and Pd/Pt ratios and a decrease in PGE contents per unit sulphide. Variations in metals content are significantly greater along the east margin than along the axis. Marginal facies of the MSZ appear to be represented in the preserved P1 Pyroxenite by (1) very local irregular development (e.g. in the upper mine levels), (2) a decrease in PGE Subzone thickness to ca. 90cm (e.g. between Mimosa mine and Wedza No. 2 shaft; Figure 6 ), (3) development of elongate zones of abnormal low metal contents many tens of metres long lying perpendicular to the margin (e.g. south section, Mimosa mine), and (4) local splitting associated with interdigitation of websterite and PGE-rich transitional orthopyroxenite lenses (Prendergast, 1991 (Prendergast, , unpublished notes, 1995 . In places, the MSZ has been partly or wholly removed by magmatic erosion or partially truncated by orthopyroxene-phyric augitite lenses (see above).
The Unki deposit (Wilson et al., 2000b) is located in the northern part of the Selukwe Subchamber ( Figure 1) ; less intensively investigated extensions occur along the axis up to 25km to the south. In the north, the western contact of the subchamber abuts the Shurugwi greenstone belt resulting in deflection and local narrowing of the subchamber. In some parts, the subchamber is only 3 km wide, the consequent high transverse heat loss leading to the growth of highly acicular crystals perpendicular to the walls and fragmentation of Border Group lithologies. A xenolith suite (Wilson et al., 2000b ) is present on the west side, the fragments of both greenstones and Border Group rocks ranging in size from several metres to more than 100m in diameter. A major xenolith concentration occurs at the contact of the mafic rocks and the underlying websterite layer, which itself displays evidence of local erosion; significant disturbance of the magma chamber is indicated at this level. Disruption of the layering by the xenolith suite in this region will have a potentially important effect on mining and development on the west side of the Unki deposit.
The lower mafic contact has been clearly delineated by intensive drilling and is shown to be basin-like in transverse structure (Wilson et al., 2000b) . The unusually narrow websterite, the upper part of which is pegmatoidal, consists of a series of sublayers on the west side but forms a single layer in the center and on the east side. The cause of this strong transverse asymmetry in rock types, thicknesses and configuration of rock layers, may be attributed to the contrast in wall-rocks between the west (greenstones) and east (granite) sides, and possibly tilting of the subchamber.
The MSZ in the Unki deposit is typically ca. 3.0m thick, encompassing a 2.0m thick PGE Subzone and an overlying 1.0m thick BM Subzone (Wilson et al., 2000a; 2000b) . In the great majority of drill-core intersections, the PGE Subzone is located entirely within orthopyroxenite, the BM Subzone extending into the lower part of the websterite layer. Other characteristics of the metal and sulphide distributions are similar to those described for the Mimosa deposit. Sulphide content rises gradually from the base of the PGE Subzone whereas the Pt and Pd (and other PGE) rise sharply. Pt and Pd are inversely related, Pd being concentrated at the base and Pt at the top of the PGE Subzone. The metal profiles suggest that Pt and Pd are decoupled from each other; however, interelement plots disprove this. Data for the PGE Subzone in sixteen drill-cores near Unki shaft show well-defined lower Pd-rich and upper Pt-rich sections within each of which the Pd/Pt ratio is relatively constant (Figure 9) . A narrow intermediate section contains moderate ratios of these metals.
Extensive drill-hole coverage of the Unki deposit shows only relatively subdued transverse and longitudinal variations in PGE concentrations and mineralised thicknesses. The MSZ in the Unki deposit is unusually uniform because (1) the Unki deposit lies wholly in the axis of the Selukwe Subchamber, the marginal facies having been removed by erosion, and (2) overall transverse variations may have been reduced by significant overlap of the upper cumulates onto the adjacent wall-rocks, as possibly indicated by the relatively thin development of websterite and gabbro in this area.
The contiguous Ngezi, Mhondoro, Hartley and Selous deposits occupy the entire extent of the MSZ basin structure in the conjoined Darwendale and Sebakwe Subchambers (Figure 1 ). The intensively drilled Ngezi and Hartley deposits occur, respectively, in the south axial and north west marginal segments, the less well known Mhondoro and Selous deposits broadly in the central, north axial and north east marginal segments (Wilson and Prendergast,, 1998) Transverse variations (see above) are a prominent feature of both the P1 Pyroxenite and the MSZ in the Darwendale and Sebakwe Subchambers (cf. the Wedza and Selukwe Subchambers) and are more pronounced in the Darwendale Subchamber than the slightly narrower Sebakwe Subchamber. The variations are best seen in drill-holes across the widest part of the Darwendale Subchamber but can also be traced along the periphery of the basin structure from the east and west margins into the axis in the north and south.
In the vicinity of the Hartley deposit, the lower orthopyroxenite and upper websterite layers vary, respectively, from 120m and <5m near the margin to 210m and ca. 35m in the axis. Both are represented by orthocumulates near the margin and adcumulates in the axis. In the orthopyroxenite, the clinopyroxene/ orthopyroxene modal ratio decreases from the margin towards the axis and clinopyroxene occurs as large (1 to 3cm) oikocrysts and small interstitial grains, respectively. At Ngezi in the south axis, drilling has shown the websterite to be generally 25 to 35m thick and the orthopyroxenite is estimated to be at least 220m thick. Several thin units of olivine orthopyroxenite (locally grading to harzburgite) occur within the orthopyroxenite in the axis in the north and south but die out towards the margins where their projected positions are marked by significant reversals in orthopyroxene composition. Marked changes in grain size, mineral fabric and mineral compositions are observed in well-defined layers in the north axis.
Within the basal mafic rocks, olivine gabbro (locally almost troctolitic) is often well-developed along the axis but absent near the margin. Cross-bedded gabbros associated with small erosional troughs are present in places near the margin, both indicating magma current activity probably caused by the onset of plagioclase crystallisation and the consequent change in magma density. Drilling data suggest that the lower mafic contact in the Darwendale Subchamber dips evenly from the margin towards the axis, in contrast to its progressively decreasing inward dip in the Wedza and Selukwe Subchambers (see above).
In the south axial facies of the MSZ in the Ngezi deposit, PGE contents rise gradually, initially within an olivine pyroxenite/harzburgite unit at the base of the mineralised zone. The lower Pd-rich section is separated from the upper Pt-rich section by a pyroxenite containing remnant olivine. Discontinuities in both whole rock major and trace element (mainly incompatible Zr, Hf, TiO2, REE) compositions (Wilson, in preperation) are correlated with changes in PGE content. Vertical variations within the mineralised profile at Ngezi are therefore broadly similar to those previously described in the Unki deposit.
Although situated in the axis, the MSZ at Ngezi is potentially economic, with higher grades and narrower widths than the north axial facies of the Selous deposit. This may be due to the different thermal properties of the smaller Sebakwe Subchamber relative to the Darwendale Subchamber. The economic viability of the Ngezi deposit may be enhanced by its axial location and therefore the relatively flat dips of the MSZ which, coupled with the subdued topography, allows open-pit mining.
Gradual but systematic lateral variations within the MSZ are very well developed in the relatively wide Darwendale Subchamber. Three distinct facies are recognised in the vicinity, and to the east, of the Hartley deposit: the west marginal facies, the east marginal facies, and the axial facies (Figure 10 ; Wilson and Tredoux, 1990) .
In the west marginal facies, the MSZ is 1.8m thick, with PGE metal contents rising rapidly upwards through three coincident Pt and Pd peaks. The Pt profile shows progressively higher peak contents up to 8 to 10ppm, whereas the highest Pd contents (3 to 5ppm) occur in the central peak. Total PGE contents at peak positions are 9 to 13ppm. The MSZ gradually thickens and decreases in PGE grade from the extreme outer part to the inner part of the west marginal facies (Figure 10 ). The distribution of PGE in the east marginal facies is also characterised by multiple peaks, but PGE contents are much lower and generally similar to the inner west marginal facies. The axial facies is more variable, some drill-hole sections exhibiting complex layering of barren fine-and mineralised coarse-grained rock units resulting in marked variations in vertical PGE distribution (Wilson and Tredoux, 1990) . The PGE Subzone in the MSZ axial facies of the Darwendale Subchamber is 4 to 6m thick and, apart from 'extended type' MSZ in the Mhondoro deposit (see below), the thickest encountered anywhere in the Great Dyke. Peak metal contents are 1.5 to 2.5ppm for individual metals and 3 to 4 ppm for total PGE.
The distribution of base metals in the PGE Subzone is similar to that of the PGE in all three facies. Cu, sulphide Ni and sulphide content rise gradually from the base of the MSZ (<0.1% sulphide content) to peak contents (up to 10%) at about the same stratigraphic level as the upper Pt peak. Sulphide abundance is lowest (maximum 4 weight %) in the axial facies and highest (maximum 10 weight %) along the west margin. High base metal contents persist above the PGE Subzone and into the base of the websterite layer before decreasing again through a series of smaller peaks.
Contour diagrams of lateral PGE and base metal distributions based upon extensive diamond drilling illustrate the general progressive changes in MSZ metal contents from margin to axis in the vicinity, and to the east, of the Hartley deposit (Figure 11 ). In particular, the east marginal facies is similar to the axial facies and thicker but lower grade than the west marginal facies. The consequence of this asymmetric distributionpossibly due to minor easterly tilting of the synclinal basin structure (Wilson and Tredoux, 1990 ) -is that the MSZ is potentially most economically viable in the Hartley deposit in the west marginal facies where the base metals and PGE are concentrated into a narrow mining width. Also important to future mining operations are the irregular 'pay-shoot'-like zones oriented perpendicular to the margin.
The Mhondoro deposit is located in the widest part of the Great Dyke (11km) where the thickest stratigraphic section is present at the junction between the Darwendale and Sebakwe Subchambers and the P1 Pyroxenite and the overlying mafic rocks overlap the adjacent granite wall-rocks. It includes both the axial and the east and west marginal facies of the MSZ and separates the Ngezi deposit to the south from the Hartley deposit to the north west. The area has thick soil cover and the only subsurface information is derived from reconnaissance diamond drilling. Covering some 120km 2 , the Mhondoro deposit contains a significant proportion of PGE resources within the Great Dyke.
The rock units are more variable than in other parts of the Darwendale and Sebakwe Subchambers, in both thickness and lithology. In addition, many large greenstone xenoliths are present, but drill coverage is insufficient to gauge their effect on the MSZ. Detailed petrological studies (Wilson, unpublished data) have been carried out only on the western part. There, the websterite is always in very sharp contact with the overlying anorthositic gabbro, the upper 0.5m being characteristically pegmatoidal with large crystals of phlogopite mica. Up to several kilometres from the west granite contact, the websterite (where data are available) is only 1 to 5m thick, this narrow thickness reflecting the general marginal facies of this part of Mhondoro. An unusual feature of the websterite is the presence of narrow layers of feldspathic olivine websterite. The orthopyroxenite is generally similar to that elsewhere in the Darwendale and Sebakwe Subchambers.
Two distinct types of MSZ are present in the Mhondoro deposit: 'normal type' and 'extended type'. 'Normal type' MSZ is similar to the MSZ elsewhere, with peak values of Pt and Pd each in the range 3 to 5ppm. 'Extended type' was recognised in a recent drilling programme and has not been described elsewhere in the Great Dyke. This type of MSZ has relatively low levels of PGE (peak values of Pt and Pd each not exceeding 1 to 1.5 ppm) and Pd is always in excess of Pt over the entire mineralised thickness of 4 to 9m.
Situated in the Musengezi Subchamber in the remote and rugged northern part of the Great Dyke, the Snakes Head deposit (Figures 1 and 12) has been disrupted by severe block faulting assumed to be related to movements in the adjacent Zambezi mobile belt. The geology of Snakes Head remains poorly understood but recent work (Prendergast, unpublished notes, 1991) indicates that mafic rocks (and thereby the underlying P1 Pyroxenite) may be much more extensively developed around the Musengezi river in the north east (Musengezi block: Figure 12 ) than shown by earlier mapping (e.g. Worst, 1960) .
Drilling in the relatively undisturbed western part of Snakes Head has proved the presence of the MSZ and LSZ, about 50m apart (Figures 3 and 13) (Machusadziwa block). The cumulate sequence of the P1 Pyroxenite and the stratigraphic location of both mineralised zones in this area are broadly similar to those elsewhere in the Great Dyke. Two olivine-rich units subdivide the orthopyroxenite layer (Figure 13 ). The websterite and orthopyroxenite layers are relatively thick (ca. 72m and 208m, respectively) coarse-grained adcumulates.
The MSZ and LSZ in the Machusadziwa block have very similar mineralised thicknesses, sulphide and PGE contents (Figure 14 of the PGE Subzone, can be recognised in each (Figure 14 ; Prendergast, 1988a; Prendergast and Wilson, 1989) .
The great thickness and low grade of the mineralised zones, coupled with the great thickness and adcumulus textures of the host rock sequence and the presence of olivine-rich layers, indicate that the MSZ and LSZ in the Machusadziwa block belong entirely to the axial facies. The MSZ and LSZ are almost certainly also present in the hitherto unexplored Musengezi block where it is at least possible that both zones are represented by narrow, high grade mineralisation similar to that in the Hartley deposit of the west marginal facies of the Darwendale Subchamber. Superimposed on the overall variation is a fine structure with intervals in which the Pd/(Pd+Pt) ratio remains approximately constant.
LSZ in the Unki area and elsewhere
The LSZ at Unki has been investigated in detail in one drill-core located halfway between the axis and the east margin (Wilson, 2001 ). PGE enrichment is present over a thickness of nearly 60m. Sulphide contents, which do not exceed 0.4 weight %, gradually increase through a series of small steps, and the highest sulphide and base metal concentrations occur in the upper part of the LSZ. Pt and Pd display a complex vertical variation profile with several peaks. A major break in sulphide contents and PGE concentrations separates the LSZ-Upper Section from the LSZ-Lower Section (Figure 15 ). The Pt and Pd peaks in the lower part of the LSZ are associated with less than 0.1% sulphide. Although the general metal distributions appear broadly similar in both sections, they are different in detail. In the LSZ-Lower Section, Pt rises up-section overall whereas Pd decreases ( Figure  15 ). Both metals decrease sharply through the Upper Section but Pd at a greater rate than Pt. The change in the Pd/(Pt+Pt) ratio is marked, decreasing from 0.78 at the base to 0.1 at the top of the LSZ via a series of sharp steps.
In the LSZ-Lower Section, sharp, step-like, changes in Pd/(Pd+Pt) ratio are correlated with changes in orthopyroxene Mg# (Figure 16 ) and minor cyclic units are shown by variations of minor and trace elements in minerals and in whole rocks (Wilson, 2001) . A similar, but less pronounced, relationship is seen in the MSZ in the same drill-hole (Figure 16 ). These relationships demonstrate that, within short stratigraphic intervals, the Pd/(Pd+Pt) ratio is essentially constant, or varies only slightly, but changes sharply between adjacent minor cyclic units. The explanation of the variations in pyroxene compositions in specific stratigraphic intervals is that the pyroxene starting compositions were essentially constant in each interval but were subsequently driven to variably more evolved compositions by reaction with trapped liquid. The stratigraphic interval within which each pyroxene compositional group occurs is, however, clearly defined and corresponds to a specific range of Pd/(Pd+Pt) ratios, demonstrating a clear relationship between PGE distribution and the silicate framework (Wilson, 2001) .
Broadly the same geochemical profiles occur in the LSZ elsewhere (see above). The study of the LSZ at Unki (Wilson, 2001) provides the most detailed understanding of the processes associated with the formation of both the LSZ and the MSZ (see below).
PGE enrichment in the LSZ of the Wedza Subchamber also occurs as two discrete subzones (Prendergast and Keays, 1989) (Evans et al., 1996) . Note the composite nature of the chromitite in this section.
prevents complete characterisation of the PGE profiles. In the Muzengezi Subchamber, the LSZ is 15m thick (on the basis of the analytical detection limit) and also has two PGE enriched subzones with an overall structure, size and metal distribution remarkably similar to the MSZ in the same area (Figures 3 and 14) .
Platinum group mineralogy of the MSZ
The platinum-group minerals (PGM) of the MSZ are generally very fine-grained and occur as minute inclusions within sulphides (Johan et al., 1989) , generally from <5 to 50µm and exceptionally up to 250µm in diameter (Johan et al., 1989) . The stratigraphic order of PGM appearance indicates that Pd precedes Pt (reflecting the PGE profiles) and Pb and Ag are concentrated above the PGM peak. Arsenides appear late in the succession and the final stages are characterised by Se-bearing minerals (Johan et al., 1989 .
At the Unki deposit (Coghill and Wilson, 1993) , the main groups of PGM are 55 volume % bismuthotellurides (moncheite, maslovite, michenerite, kotulskite, and polarite), 25% arsenides (sperrylite), and 22% sulphides and arsenosulphides (cooperite, braggite, laurite and hollingworthite). In addition, Au and Au-Ag alloys constitute 29% of the total precious metals mineral assemblage. The PGM occur in three main textural and mineralogical environments: (1) most commonly at the boundary between sulphide and silicate minerals or hydrosilicates, (2) enclosed within sulphide, and (3) least commonly enclosed within silicates and hydrosilicates.
In the Mimosa deposit, the principal PGM phases within the most PGE-rich 15cm sample width at the top of the PGE Subzone (Prendergast, 1990) are sperrylite, moncheite, merenskyite and hollingworthite. Cooperite, braggite and gold are also present. PGM usually occur in sulphides at their contacts with silicates, and as complex intergrowths with hydrosilicates. The degree of hydrous alteration, which increases markedly from axis to margin, is thought to have had a significant effect on the location and textural relations of the PGM but not on the broad distribution of PGE within the MSZ. Sulphide minerals in the Hartley deposit contain significant amounts of PGE (Johan et al., 1989) . Pentlandite and chalcopyrite contain up to 0.15 weight % and 0.2 weight % Pd, respectively. Ion probe studies (Oberthür et al., 1997; show the presence of significant concentrations of PGE in sulphides. Pentlandite in the lower part of the PGE Subzone contains 1200 to 1400ppm (max. 2236ppm) Pd, and 62 to 69ppm (max. 259ppm) Rh, both decreasing upwards, and a mean content of 8.5ppm Pt. Chalcopyrite and pyrrhotite only occasionally have PGE contents above detection limits. Pyrite contains an average of 35.5ppm Pt.
Similar observations have been made in the Mimosa deposit , Pd in pentlandite exhibiting a systematic upward decrease from 1187ppm Pd at the base of the PGE Subzone to below detection limit at the top. This trend does not match the whole rock Pd profile exactly, probably because the upwards increasing sulphide content masks the decreasing Pd tenor of the sulphide. By contrast, Pt and the other PGE are reported to concentrate in discrete PGM phases (see also Prendergast, 1990 ).
PGE associated with chromitite layers
Chromitite Cld A drill-hole collared within a few hundred metres of the east margin near the widest part of the Darwendale Subchamber intersected PGE mineralisation associated with chromitite Cld at the base of Subunit 1d and with olivine pyroxenite at the very top of the underlying Subunit 1e (Figure 1 ; Evans et al., 1996; see Wilson and Prendergast, 1987, 1989a for the detailed type section of these subunits at Darwendale). The entire PGE mineralised zone at this location has been called informally the 'Böhmke Reef' (Evans et al., 1996) .
The following account of this mineralisation is largely taken from Evans et al., 1996 . Chromitite Cld is a ca. 1.35m-thick layer comprising several chromite-rich units a few millimetres to several centimetres thick together with olivine pyroxenite and granular to poikilitic harzburgite (Figure 17 ). Close to the top of the chromitite sequence are two prominent chromite-rich units, ca. 2cm-and 23cm-thick, respectively, and separated by a 7.5cm-thick coarse pyroxenite, of which the thickest is strongly 'nodular' with domains of poikilitic pyroxene (enclosing fine-grained chromite) within a matrix of coarse-grained massive chromite. Straddling these two units is a 90cm-thick zone containing up to 6 volume % PGE-bearing disseminated sulphides concentrated mostly at the upper and lower chromitite contacts and in some pyroxene-rich units. Sulphide in the chromite-rich portions is pentlanditedominant and forms interstitial grains in the coarse massive chromitite and smaller inclusions within poikilitic pyroxene. Small Ru-and Rh-bearing PGM occur in fractures within the chromitite. Weak PGEbearing sulphide mineralisation also occurs in the upper part of the underlying olivine pyroxenite of Subunit C1e. This lower part of the mineralised zone is separated from the upper part by an almost one metre-thick barren, mainly harzburgitic, interval.
A second PGE-bearing occurrence of chromitite C1d was recently identified at Netherburn at the southern extremity of the Sebakwe Subchamber (Figures 1 and  18 ) and is described here for the first time. That part of the Great Dyke lies in the narrow, gently northplunging, southern termination of the North Chamber where high heat loss through the floor and walls produced lithological and layering phenomena similar to those along the margins of the wider parts (Wilson and Prendergast, 1989a) . As in the east marginal occurrence, the basal portion of Subunit 1d is made up of narrow layers of chromitite, harzburgite and dunite, and overlies an olivine pyroxenite layer at the very top of Subunit 1e. Two drill-core sections of chromitite C1d have been studied, one close to the axis and one nearer the margin of the narrow basin structure. The chromitite in each shows characteristics consistent with its structural position . Thus, the more marginal section comprises a single thick 'nodular' (see above) chromitite layer and the more axial section two narrow chromitite layers.
The chromitite layer in the more marginal section is 18cm thick and separated from the underlying olivine pyroxenite by 30cm of harzburgite. The harzburgite contains interstitial phlogopite and plagioclase, whereas the olivine pyroxenite is almost devoid of interstitial phases.
A similar harzburgite layer 17cm thick overlies the chromitite layer and grades upwards into dunite ( Figure  18 ). In the more axial section, the chromitite is separated from the underlying olivine pyroxenite layer by 70cm of harzburgite and dunite and both chromitites are enclosed by harzburgite which grades upwards into dunite.
In the more marginal section, the sulphide-bearing zone is 90cm thick (Figure 18 ). Sulphides are insignificant in the olivine pyroxenite but increase in the overlying harzburgite and reach peak levels in the uppermost harzburgite. In the more axial section, sulphide contents are slightly higher, falling from 0.2 to 0.7 weight % in the olivine pyroxenite to very low levels in the lower chromitite and rising to a peak in the harzburgite between the two chromitite layers. Sulphide contents associated with both chromitite C1d and the underlying olivine pyroxenite are significantly lower in the Netherburn sections than in the east marginal section.
In the east marginal section, PGE analyses of the sulphide zone associated with chromitite C1d disclosed the presence of up to ca. 1 ppm Pd and ca. 0.2ppm Pt (Figure 17 ; Evans et al., 1996) . The vertical metal distribution profiles have several features in common with the MSZ, including two PGE-rich subzones, the lower one displaying an upward decrease in Pd/Pt ratio. Average Pd and Pt contents and Pt/Pd ratios are significantly lower than those of the MSZ. Ir, Ru and Os are statistically correlated and exhibit systematic vertical variations that appear directly associated with the chromitite layers (Figure 17 ; Evans et al., 1996) . In the more axial section at Netherburn, the sulphide zone associated with chromitite C1d also has two PGE-rich subzones, and PGE concentrations decrease rapidly upwards with increasing sulphide content in the lower of the two subzones. Pt is greatly enriched, relative to Pd, in the upper subzone compared with the lower subzone. Ru, Os and Ir peak coincidently and correlate with the chromitite layers. No significant PGE mineralisation occurs in the underlying olivine pyroxenite. In the more marginal section, the two PGE subzones are less distinct, although Pd is concentrated in the lower subzone and Pt in the higher subzone. Pd attains peak values of 1ppm and Pt 0.5ppm (Figure 18 ). In the more axial Netherburn drill-core, the two metal subzones are clearly distinguished, but there is again no significant metal concentration in the Subunit 1e olivine pyroxenite.
All the drill-hole intersections of chromitite C1d discussed here were made at depths of up to 300m or more, well below the maximum depth of weathering, and so the reported PGE contents and distributions are considered pristine (e.g. Evans et al., 1996) .
Other chromitites
Massive and disseminated chromitites from ten of the main chromitite layers of both the North and South Chambers (Table 2) were investigated by instrumental neutron activation analysis with pre-concentration by NiS-fire assay (Germann and Schmidt, 1999) . Optical and analytical data indicated that the Ir-group PGE (Ru,Ir, Os) resided in laurite within chromite, whereas the Pd-group PGE (Pt, Pd and Rh) were present as a solid solution in trace sulphides. The wide range of Pdgroup PGE contents in chromitites C1c and C1d (10 to 15 samples each) in this study may possibly be attributed to the loss of sulphide during weathering and serpentinisation near surface.
The highest Pd-group PGE contents were found in chromitite layers C1c and C1d (612ppb and 2693ppb combined Rh, Pd, and Pt, respectively) at Snakes Head, both in deep borehole intersections regarded as relatively unaffected by weathering and serpentinisation. PGE contents of the lower chromitites (C5 to C12) were economically insignificant. For all chromitite layers investigated there appeared to be little variation in the Ir content, but an increase in Pd-group PGE (relative to Irgroup PGE) was indicated from the lower chromitites (C5 to C12) to chromitites C1c and C1d, suggesting fractionation of PGE consistent with evolution of the magma (Germann and Schmidt, 1999) . It is not clear to what extent this variation reflects the paucity of samples from the lower chromitites and the effect of secondary processes near surface. Apart from the upper group chromitites, the samples studied in this work were mostly from surface exposures.
New analyses are reported here for a coarse-grained, granular, sulphide-bearing chromitite (C5) in the vicinity of Caesar mine in the northern part of the Darwendale Subchamber (Table 3) . Pd and Pt do not exceed 10 ppb and 17ppb, respectively, and Rh is in the range of 19 to 31ppb. Ru, Ir and Os are higher, averaging 294, 47 and 31ppb, respectively. Sulphide, mainly pyrrhotite, ranges from zero to 4 weight % in these samples, but has little correlation with the PGE content.
Mineralised Marginal Zone
The highly variable extreme marginal facies of the layered sequence and the pyroxenite-dominant Marginal Border Group are locally mineralised at the structural level of Cyclic Unit 1. In the Wedza Subchamber, the Mineralised Marginal Zone has been traced within 50 to 175m of the east margin up to 5.5km south of Mimosa mine ( Figure 6 ; Wilson and Prendergast, 1987; , and was intersected by drill-holes in the Mchingwe fault block (Prendergast, unpublished notes, 1998) . The rocks are generally fine-grained with alignment of prismatic cumulus orthopyroxene perpendicular to the margin, varying proportions of cumulus olivine, and a high proportion of postcumulus phases, and are characterised by rapid facies changes and the presence of a variably developed millimetre-to centimetre-scale fine-grained olivine chromitite. The latter dips at ca. 30°W and is thought to merge with either chromitite C1c or C1d slightly further towards the axis in the vicinity of Mimosa mine. Between the extreme marginal facies of Cyclic Unit 1 and the granite contact is the Border Group comprising acicular pyroxenite with a thin norite layer against the contact. Associated with both the extreme marginal facies and the Border Group on surface are lenticular gossans up to 1 to 2m thick containing up to 2700ppm Cu and 2.5ppm total precious metals in grab samples.
In the Mchingwe drill-holes (LD2 and LD3; Figure 19 ), the Border Group acicular pyroxenite is 25 to 30m thick and the overlying extreme marginal facies consists of an 18 to 30m-thick olivine pyroxenite containing a narrow olivine chromitite (2 to 10m above a sharp basal contact and subparallel to the granite walls) and merging upwards with massive pyroxenite (Prendergast, unpublished notes, 1998) . The olivine pyroxenite and, especially, the entire Border Group contain scattered centimetre-scale granite xenoliths and irregular concentrations of weakly disseminated blebby sulphides (Figure 20) . The PGE content of the Mineralized Marginal Zone is generally less than ca. 0.1 ppm, but the most sulphide-rich drill intersections assay up to 1300ppm Cu and 9 ppm total PGE and Au (18% Pt, 42% Pd, 35% Au and 6% Ir) over intervals of up to 0.7m (Figure 20 
Middle Mafic Unit
The Middle Mafic Unit is best developed in the Darwendale Subchamber as a narrow pyroxenite zone located in the gabbronorites of the Mafic Sequence some 700 m above the mafic-ultramafic contact (Wilson and Wilson, 1981; Podmore and Wilson, 1987) . It has also been observed in one section of the Selukwe Subchamber, but at a much lower stratigraphic level, possibly due to the smaller size of that magma chamber. It may also be developed in the Musengezi Subchamber but to date has not been recognised. The unit comprises narrow layers of feldspathic pyroxenites and olivine gabbros. The PGE mineralisation is sporadic and highly variable with maximum total PGE values of about 1 ppm. Little investigation has been carried out on this possible resource.
Concluding remarks: magma evolution and the development of PGE mineralisation in the Great Dyke The Great Dyke of Zimbabwe contains several PGE mineralised zones, each occupying a specific stratigraphic and structural position within the layered sequence and marginal rocks: sulphide-poor and sulphide-bearing chromitites, respectively in the lower and upper parts of the Ultramafic Sequence, the LSZ and MSZ in the uppermost P1 Pyroxenite, and the Middle Mafic Unit in the Mafic Sequence, as well as the Mineralised Marginal Zone in the marginal facies and Border Group. PGE in the sulphide-poor lower chromitites are dominated by Ru and, to a lesser extent, Ir and Os; other PGE in these chromitites are present at levels close to, or at, detection limits. Chromite was probably the principal PGE collector in these mineralised zones. By far the most important PGE concentrations in the Great Dyke are those associated with sulphide enrichment and, with the exception of the Middle Mafic Unit, occur exclusively in either Cyclic Unit 1 at the top of the Ultramafic Sequence or the associated marginal rocks. In these mineralised zones, sulphides are regarded as the primary collectors of PGE and sulphide precipitation the main factor controlling their development (Prendergast, 1990, Wilson and Tredoux, 1990; Coghill and Wilson, 1993; Evans et al., 1996) .
Although mechanisms have been proposed for the origin of PGE mineralisation in layered intrusions by hydromagmatic processes involving transport of PGE by late stage fluids through the partially consolidated crystal pile (e.g. Boudreau and McCallum, 1992) , the evidence presented here (e.g. Coghill and Wilson, 1993; Evans and Buchanan, 1991; Evans et al., 1996; Oberthür et al., 1997; Prendergast, 1990; Wilson and Tredoux, 1990 ) is believed to strongly support a primary magmatic origin for the PGE mineralisation in the Great Dyke and to allow for remobilisation on only a very local (millimetre) scale. The close correlation of PGE and primary silicate geochemistry (see above), as well as the textures and distribution of interstitial sulphides, in both the MSZ and LSZ, for example, provide clear evidence that the sulphides segregated from the magma and accumulated, with minor redistribution, within the partly consolidated silicate crystal mush. The characteristically heterogeneous small-scale distribution of sulphide is the result of the growth of plagioclase oikocrysts within the pyroxene crystal framework which forced the droplets to concentrate around their margins. The distribution of PGM and the varying PGE content of sulphide mineralisation are explained by multi-process models involving scavenging of PGE from the magma by early formed sulphides, subsolidus annealing of sulphide resulting in both remobilisation and concentration of PGE, and later remobilisation of PGE by deuteric fluids at elevated fS2/fO2 (pyrite) leading to the formation of discrete PGM and dependant upon fluid flux and the degree of silicate alteration (Prendergast, 1990; Coghill and Wilson, 1993; Oberthür et al., 1997) . It is likely that similar models of limited postmagmatic remobilisation apply to all sulphide-associated PGE mineralisation in the Great Dyke.
The location and variability of PGE mineralisation within the Great Dyke can be directly related to the emplacement and evolution of the magma body and the structure of the magma chamber. The distinctive cyclic layering of the Ultramafic Sequence was the result of interplay between fractionation, intermittent minor magma influx producing small lithological and mineral composition reversals , and major influxes giving rise to the prominent cyclic units (Wilson, 1982) . Magma was simultaneously lost to surface volcanism (Wilson, 1982) . Crystallisation of the thick sequence of olivine and orthopyroxene cumulates concentrated the PGE as well as S and other incompatible trace elements into the overlying magma body while influxes of new magma increased the net reservoir of such elements in the chamber. Major magma influxes had largely ceased prior to the development of the uppermost Cyclic Unit 1, leading to progressive cooling, prolonged pyroxene crystallisation and near sulphide saturation conditions (Wilson, 1982; Wilson et al., 2000b) . At this stage of magma evolution, the arrival of further magma influxes during the development of Cyclic Unit 1 had the potential to cause precipitation of sulphide by magma mixing (Naldrett et al., 1987; Naldrett and Wilson, 1989) . Thus, the onset of sulphide formation in the Great Dyke is associated with the magma influx which gave rise to chromitite C1d and dunite at the base of Subunit 1d. This first sulphide segregation event commenced during crystallisation of olivine pyroxenite at the top of Subunit 1e (coincident with significant changes in pyroxene composition: Wilson, unpublished data) and continued during the formation of chromitite C1d. The major reversal and complex layering at the contact of Subunits 1e and 1d, as well as the associated sulphide mineralisation, are attributed to mixing between the evolved resident magma and the primitive influx (Evans et al., 1996) . With continued mixing and increasing temperature, the magma reverted to a state of sulphide undersaturation and precipitation of sulphide ceased. The magma remained sulphide undersaturated during the crystallisation of high temperature olivine to form dunite and harzburgite but was again driven to sulphide saturation by prolonged orthopyroxene crystallisation to form the LSZ within the P1 Pyroxenite (Prendergast and Keays, 1989; Wilson and Tredoux, 1990; Wilson et al., 2000b) . Sulphide precipitation was again terminated by a further minor influx of magma marked by a lithological, mineralogical and/or compositional reversal. The new influx replenished the PGE in the lower magma layers and the resumption of cooling, fractionation and concentration of incompatible elements soon led once again to precipitation of PGErich sulphides to form the MSZ at, or just below, the base of the websterite (Prendergast and Keays, 1989; Wilson and Tredoux, 1990; Wilson et al., 2000b) .
No further significant magma influxes occurred during the crystallisation of either the websterite or the lower mafic rocks. A final influx during the waning stages of Great Dyke evolution is inferred to be responsible for the lithological and compositional reversal associated with the Middle Mafic Unit and for the PGE mineralisation it contains (Podmore and Wilson, 1987) .
In the case of the Mineralised Marginal Zone, the close proximity to granite wall-rocks, the presence of wall-rock xenoliths and the textures and mineral associations of the extreme marginal facies and Border Group suggest that the origin of the PGE-bearing mineralisation is related to rapid cooling and, possibly, felsic contamination. This type of PGE mineralisation may be a feature of the marginal rocks at all structural levels of the Great Dyke. The development of potentially economic mineralisation in the Mineralized Marginal Zone would depend on the availability of magma enriched in PGE by prolonged replenishment and fractionation and so is most likely to have occurred at the stratigraphic level of the MSZ.
Vertical lithological, geochemical and mineral compositional variations show that the MSZ and LSZ, and the PGE mineralisation associated with chromitite C1d, display a generally coherent and well-developed internal layering. This has further important implications for both magmatic processes and the origins of these mineralised zones.
The chromitite C1d mineralisation encompasses complex variations including the development of two PGE-bearing subzones within a narrow stratigraphic interval (see above). These are best explained by small incursions of sulphide-undersaturated magma and their effect on PGE replenishment, sulphide precipitation and PGE enrichment of sulphides. The general form and structure of the LSZ and MSZ are strikingly similar (see above), both displaying complex variations in sulphide and PGE content and Pd/Pt ratios that are closely correlated with changes in silicate whole rock and mineral geochemistry and, in some cases, with lithology (e.g. Ngezi). The distinctive internal layering of both mineralised zones is explained by fractionation of pyroxene and the structure of the convecting magma body (Prendergast and Keays, 1989; Wilson, 2001) , possibly with minor magma influxes, and by sulphide segregation within successive convecting liquid layers at the base of the magma chamber accompanied by equilibrium crystallisation in each layer under the overall control of Rayleigh fractionation processes (Wilson, 2001) .
The dramatic decrease in Pd/(Pd+Pt) ratios observed from the base to the top of the LSZ at Unki (see above) cannot be explained solely by simple PGE fractionation, and it is suggested that the highly efficient fractional separation of Pt and Pd involved complexation of these elements to form PGE nuggets, or metal clusters, in the magma (Wilson, 2001) . Such a process (Tredoux et al., 1995) is considered to have occurred by atomic and molecular aggregation controlled by the degree of oversaturation of PGE in the magma (Balhaus and Sylvester, 2000) , and, because of the relative chalcophile and siderophile properties of Pt and Pd and the consequently higher apparent D (partition coefficient) of Pd, would have depleted Pd for more rapidly than Pt in the magma (Wilson, 2001) . A similar complexation process may also apply to the MSZ.
Lateral variations between the margins and the axis of the basin structure are a critically important feature of Great Dyke geology, and are observed at many different stratigraphic levels and in all subchambers. Such transverse variations are now well documented, for example, in the synclinal shape of the lower mafic contact, the thickness, lithology and mineral compositions of individual rock layers (particularly in the P1 Pyroxenite), and the thickness, sulphide content and PGE tenor of the MSZ and its depth beneath the base of the websterite (Prendergast, 1991; Prendergast and Keays, 1989; Prendergast and Wilson, 1989; Wilson, 1996) . All such variations are considered to be primarily related to the generally narrow width of the Great Dyke magma chamber, the consequent high transverse heat loss and the effect this had on internal magmatic and crystallisation processes, and are more pronounced in the wider subchambers (e.g. Darwendale and, perhaps, Musengezi) than the relatively narrow subchambers (e.g. Wedza, Selukwe and Sebakwe). This phenomenon explains why PGE-bearing sulphide mineralisation is found in the marginal, but not the axial, facies of chromitite C1d in the wide Darwendale Subchamber and in both the marginal and axial facies of the same chromitite within the narrow southern termination of the Sebakwe Subchamber. Most importantly, the transverse cooling model accounts for the strong variation in the grade and thickness of the MSZ between the margins and the axis of the Darwendale Subchamber relative to the minor variation across the Wedza and, probably, Selukwe Subchambers, and consequently, together with other factors such as the slight tilting of the synclinal basin structure, shows why potentially economic deposits on the MSZ are largely confined to the Hartley deposit on the north west margin of the Darwendale Subchamber and the Mimosa, Unki and Ngezi deposits of the Wedza, Selukwe and Sebakwe Subchambers. The Mimosa deposit is economic in both the marginal and axial facies; at Unki and Ngezi the margins of the basin structure have been eroded away leaving axial facies that are probably only slightly lower grade than the original marginal facies. Similar transverse variations almost certainly also apply to the LSZ.
